Shrimp farming is a small but growing industry in New Caledonia. Since 1993, "Syndrome 93" has been affecting New Caledonian shrimp farming industry every cold season, causing severe epizootic mortalities in grow-out ponds and significant losses. Highly pathogenic strains of Vibrio penaeicida are considered the etiological agent of the disease in Litopenaeus stylirostris. On one hand, studies demonstrated that healthy shrimp may carry V. penaeicida for weeks with a high overall prevalence, regardless of any seasonal pattern or temperature conditions. On the other hand, larvae are free of V. penaeicida and are also resistant to experimental infection. V. penaeicida is frequently detected in incoming water pumped from the bays, which was shown, by a molecular typing study, to be the infectious source. This particular epidemiological pattern highlights the major role of the factors that trigger and aggravate the disease in grow-out ponds, where shrimp populations carry the pathogen all year round. In order to gain a better understanding of "Syndrome 93" epidemiology, quantification of V. penaeicida both in shrimp and the shrimp farm ecosystem is necessary. This article describes the steps in the successful development of a real-time PCR quantification assay of V. penaeicida in shrimp haemolymph, seawater (from ponds or bays) and sediment pore water, including the choice of an accurate extraction technique. The entire detection method; including sample processing, DNA extraction and real-time PCR amplification, can be completed within 4 h
INTRODUCTION 48
Vibrio species are widely distributed in mariculture facilities throughout the world.
Vibriosis is a major disease problem in almost all farmed marine animals, including penaeid shrimp (Lightner and Lewis, 1975; Takahashi 49 50 et al., 1985; Lightner, 1988; Brock and Lea Master, 1992; Mohney and Lightner, 1994) IHHNV being the only significant virus present, and its domestic stock of Litopenaeus 62 stylirostris being resistant to it (Weppe et al., 1992) . From 1993, shrimp growers have had to face a seasonal vibriosis named Syndrome 93 (Goarant 63 et al., 1996 ; Mermoud et al., 1998) caused by infection with 64 V. penaeicida Goarant et al., 1999 ; Saulnier 65 et al., 2000) . Therefore, the shrimp farmers' association considers the research on vibriosis as the main priority. As a response, the Aquaculture Department of IFREMER (French Institute for Marine Sciences) has developed a specific research program, named Conventional laboratory diagnosis usually relies on gross observations, wet mounts, histology and culture. Reference diagnosis includes culture and isolation of the bacteria from the shrimp haemolymph, by using suitable media and subsequent identification.
These methods are time-consuming and require several days to obtain confirmatory results.
Additionally, lack of culturability has been frequently described in Vibrios (Huq and Colwell, 1995; Fischer-Le-Saux et al., 2002) , and in some cases these viable but nonculturable cells demonstrated to still remain infectious (Rosenberg and Ben-Haim penaeicida isolates demonstrated that V. penaeicida was introduced in the ponds with the renewal seawater pumped from the bays (Goarant 84 et al., 1999) . Using PCR detection of 85 V. penaeicida (Saulnier et al., 2000) , a wide epidemiological survey carried out over more than one year confirmed these findings and demonstrated that healthy carriers were found all year round in grow-out ponds (Goarant 86 87 et al., 2004) . This study evidenced the importance of triggering factors that turn covert infection into septicaemia. However, this PCR approach requires analysis of amplified DNA in an agarose gel, which again is timeconsuming and a potential source of carry-over contamination. Additionally, this study did not allow accurate quantification of infection levels in shrimp or concentrations of The detection of microbial nucleic acid for the diagnosis of infection is dependent on the successful separation of nucleic acid from material (Read, 2001) . In the present study we describe optimization of a real-time PCR assay using the SYBR Green I Amplification conditions involved a pre-incubation at 95°C for 10 min (FastStart Taq DNA polymerase activation) followed by amplification of the target DNA for 50 cycles (95°C for 8 sec, 60°C for 5 sec and 72°C for 13 sec) with a transition rate of 20°C/sec.
Melting curve analysis was performed at a linear temperature transition rate of 0.1°C/sec from 65°C to 95°C with continuous fluorescence acquisition. This step was followed by a cooling step at 40°C for 30 sec. The first derivative of the initial melting curve (-dF/dT) was automatically plotted against temperature for improved determination of the melting temperature (Tm). All experiments were repeated at least twice for reproducibility. All PCR products of amplified samples were visualized by gel electrophoresis (5 µl of each PCR product on a 1.5% agarose gel containing ethidium bromide) and showed a unique 310-bp band (Fig. 1) (Fig. 2) . All negative samples showed no amplification caused by primer-dimer formation (Fig. 2) . Detailed mechanisms of shrimp vibriosis have until now only received poor research attention, so that little knowledge has been gained on this pathology. This has been mainly due to the fact that the use of antibiotic feeds could often get rid of the disease. Nevertheless, the massive use of antibiotics has led to the selection of antibioticresistant bacterial strains (Brown, 1989; Karunasagar et al., 1994) and highlighted the inefficiency of such an approach. Furthermore some producing countries, including New Caledonia, have totally banned the use of antibiotics in grow-out ponds (Andrier, 2004) and most importing countries have drastically decreased tolerance on antimicrobial residues. Therefore, research programs aiming at gaining a global understanding of shrimp vibriosis are now being developed (Harache and Herbland, 2004) . These findings emphasize the need to set up a sensitive and reliable method that can detect and quantify This method has already been used to study the major shrimp viral pathogens (Dhar 268 269 et al., 2001 ; Dhar 270 et al., 2002 ; Durand et al., 2003 ; Tang et al., 2004) and was successfully 271 applied to quantification of human-pathogenic Vibrio, and in some cases in marine invertebrates (Campbell and Wright, 2003) . The detection of microbial pathogens in various biological samples by real-time PCR with SYBR Green I dye has been shown to be rapid, reliable, sensitive and costeffective. As a first step, we evaluated and established a simple, fast and effective DNA purification method that can be used for detection of V. penaeicida in unenriched shrimp haemolymph and water samples; without compromising the quality of DNA and real-time PCR efficiency. To this end, the yield from an extraction method should not be influenced by the initial amount of target nucleic acid in the sample. PCR is prone to inhibition (Tsai and Olson, 1992 ; Wilson, 1997 , 2004) .Therefore an adequate extraction protocol must be used for nucleic acids extraction and purification. In our evaluation, the classical phenolchloroform-isoamyl alcohol extraction process did not satisfy these requirements. Indeed, the pipetting of the aqueous supernatant could not be efficiently completed. We observed a decreased sensitivity due to the loss of template DNA during multiple processing steps and the amount of proteins in samples may influence the recovery of nucleic acids. Finally, with such results it was impossible to build a robust standard curve and this method was definitively abandoned. Conversely, the Chelex preparation technique showed that there This very low detection limit is quite common using real time PCR especially when dealing with multi-copy gene targets, which is the case for 303 304 rrs (Moreno et al., 2002) . 305
Interestingly, all V. penaeicida strains isolated to date in New Caledonia demonstrated high pathogenicity when tested by experimental infection in a shrimp model (Goarant 306 307 et al., unpublished data) , which is quite different from other aquaculture pathogenic 308 Vibrio spp. (Liu et al., 1996 ; Zhang et al., 2001 ; Toranzo et al., 1983 ).
Therefore we can assume that the quantification of 309 V. penaeicida in shrimp and marine samples actually corresponds to the quantification of pathogenic 310 V. penaeicida cells. While studying our samples, we were also able to confirm these previous results. Regarding the environmental samples, we confirmed that 311 312 V. penaeicida is frequently present in water pumped from the bays, which might therefore be the infectious origin for the grow-out ponds (Goarant 313 314 et al., 1999; 2004) . We also detected V. penaeicida in shrimp pond sediment pore water, confirming that inhibitors can frequently alter the detection of pathogenic 315 316 Vibrio when using inappropriate nucleic acids extraction method such as Chelex technique (Goarant 317 et al., 2004) . Additionally, we confirmed the presence of 318 V. penaeicida in apparently healthy shrimp (Goarant et al., 2004) . 319
320
In this study, we successfully developed a real-time PCR assay with SYBR Green I dye for the quantification of bacterial pathogen V. penaeicida in both shrimp andenvironmental samples. This technology enables PCR to be performed with greatly reduced carry-over contamination risk and with minimal hands-on time. Although melting curve analysis with SYBR Green is sometimes considered less specific compared to the use of fluorescent probes, the need of more expensive probes is not always necessary when conditions of amplification have been correctly optimized (especially primer sequences and concentrations). The specific product melting peaks with no primer-dimer or other nonspecific product signal provided evidence that our assay is specific. Moreover, our turnaround time was considerably faster with the new real-time PCR assay. The complete process -including sample processing, extraction of DNA and real-time PCR amplification with quantification -was achieved within 4 hours, making it a single-day assay and a prospective decision tool for shrimp growers, depending on the quantification results. As a research tool, it will allow an accurate survey of 
